Two fluorescent brighteners were used to stain an isolate of Bacillus cereus var. mycoides and a soil pseudomonad. The stained organisms were fractionated by two procedures to determine which cellular constituents were reacting with the brighteners. Both fractionation procedures provided evidence that the brighteners were adsorbed to proteins within the cells. Microscopy examination of ghost cells of the bacillus showed that cell walls were not being stained. Spheroplasts of the bacillus and the pseudomonad were stained by the brighteners.
Two fluorescent brighteners were used to stain an isolate of Bacillus cereus var. mycoides and a soil pseudomonad. The stained organisms were fractionated by two procedures to determine which cellular constituents were reacting with the brighteners. Both fractionation procedures provided evidence that the brighteners were adsorbed to proteins within the cells. Microscopy examination of ghost cells of the bacillus showed that cell walls were not being stained. Spheroplasts of the bacillus and the pseudomonad were stained by the brighteners.
The study of soil microorganisms is facilitated by the use of fluorescent dyes (9) . Darken (2, 3) reported that derivatives of 2,2'-stilbene disulfonic acid stained bacteria and fungi, and fluoresced a brilliant blue when irradiated with ultraviolet light. Anderson and Westmoreland (1) used the same material for making direct counts of fungi in soil.
The staining affinity of the fluorescent brighteners must be known to extend their usefulness in studying organisms in soil. Harrington and Raper (6) determined that the brighteners have an affinity for cellulose. Because bacteria contain little or no cellulose (8) , some other cellular component of bacteria must have an affinity for the brightener. Darken (3) stated that the brighteners have an affinity for cellulose and protein, but no supportive evidence was provided. Gull et al. (4, 5) observed that cell walls and not protoplasm of fungi stained. If the brightener has an affinity for fungal protein the cytoplasmic membrane may have prevented it from entering the protoplasm. The purpose of this paper is to report on the staining affinity of two fluorescent brighteners using a gram-negative and a gram-positive bacterium.
MATERIALS AND METHODS
The fluorescent brighteners used in these studies were Calcofluor M2R New 4,4'-bis(4 anilino-6-diethanolamine-s-triazine-2-ylamino)-2,2'-stilbene disulfonic acid and Calcofluor White MR New 4,4'-bis(4,6-dianilino-s-triazin-2-ylamino)-2,2'-stilbene disulfonic acid. Both were supplied by American Cyanamid Co., Bound Brook, N.J.
Stock saline. Three 10-min sonic treatment periods, to avoid excessive heating of the cells, were used to disrupt the cells. The disrupted cells were centrifuged to separate the cell walls from the soluble constituents. Cell walls were washed once with saline and suspended in 20 ml of saline. The supernatant fluid from the first centrifugation was mixed with 10 ml of saturated ammonium sulfate (7.6 M) to precipitate protein. The mixture was incubated for 30 min at 5 C. The protein was removed by centrifugation and resuspended in 30 ml of saline.
Fluorescence of the fractions was quantitated with a fluorometer fitted with a primary filter having a transmission peak at 360 nm, and a secondary filter which passed wave lengths longer than 415 nm. Serial 10-fold dilutions of the fractions were made so that all fractions could be read on the fluorometer scale. A standard curve was prepared for the brightner (see Fig. 5 ) and the readings of cell fractions were extrapolated to yield readings for equivalent log dilutions.
Microscopy evidence for staining affinity was obtained by observing spheroplasts of stained Pseudomonas cells and ghosts of stained bacillus cells. Spheroplasts of the pseudomonad were produced by the procedure of Weiss and Fraser (10) . Preparation of ghosts of bacillus cells was accomplished by fixing cells on a glass slide, covering with a cover slip, and pressing on the cover slip with a blunt pair of forceps to rupture the cells. Microscopy examination of stained cells of both organisms revealed that they fluoresced intensely when irradiated with ultraviolet light (Fig. 1, 2) . The entire cells appeared to be stained. Observation of stained Bacillus cells ruptured between the glass slide and cover slip showed, with phase and ultraviolet microscopy, that the cell walls did not fluoresce (Fig. 1) . Additional evidence that the protoplasmic constituents of the cells contained the brightener was obtained by staining and observing Bacillus cells that were allowed to age at room temperature for several hours in saline. The degree of contrast of the cells, observed with phase microscopy, varied among the cells and paralleled their degree of fluorescence (Fig. 3) .
RESULTS AND DISCUSSION
Microscopy evidence of staining affinity in the pseudomonad was obtained by observing spheroplasts prepared from stained cells. The spheroplasts fluoresced when irradiated with ultraviolet light proving that the protoplasm of the cells was retaining the stain (Fig. 4) . This does not preclude the possibility that the cell walls were also stained.
Results of cell fractionation of Bacillus pro- vide strong evidence that cellular protein constituents reacted with most of the brightener. Both of the fractionation procedures used lead to this conclusion ( similar even though the recorded fluorescence was very different. This was due to the nonlinear nature of brightener concentration and fluorescence (Fig. 5) . The whole cells used in both fractionations fluoresced brilliantly when observed with the ultraviolet light microscope. Protein of the pseudomonad was also responsible for adsorption of most of the brightener ( may have adsorbed some of the brightener (Table 3) . Proteins associated with the cell walls were responsible for some of the fluorescence (Table 4) , but not enough to make them visible by microscopy examination.
Staining of bacteria with fluorescent brighteners was due to the affinity of cellular proteins for the brighteners. These results provide an explanation for the results of Anderson and Westmoreland (1) that phenol aniline blue stained more bacteria in soil than fluorescent brighteners. Our results suggest that the brighteners would be selective in staining and would not stain lysed bacteria containing no protoplasm. Further studies are needed to determine whether the brighteners would be useful in counting viable soil bacteria and in studying the release of bacterial protoplasm in soil. The latter would be useful in evaluating the importance of biomass in the cycling of soil nitrogen. 
